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ABSTRACT In this paper, some results of analyzing the hydrographic characteristics of the 
seawater temperature and salinity are presented. The received results showed that: in 
dry season, the influence of the Cai river water has is limited in Cai river estuary with 
the approximate transferable distance from the river mouth to the open sea of about 1 
km. The isohaline 32%o could be defined as the separate boundary of the Cai river 
water; In rainy season, due to the river water discharges are high, the influence of Cai 
river water could be transferred to the open sea and island areas. The immerge of the 
Cai river water in the open sea areas in rainy season has changed the vertical structure 
of salinity and temperature in the northern part of Nhatrang bay. In both seasons, the 
Cai river water have influenced in the surface water layers 0 - 2m and the water layers 
deeper than 2m are influenced by the sea waters with the salinity of higher than 32%o.  
 
 
ÑAËC ÑIEÅM PHAÂN BOÁ VAØ BIEÁN ÑOÄNG CUÛA NHIEÄT ÑOÄ VAØ ÑOÄ MAËN NÖÔÙC BIEÅN 
TAÏI VUØNG CÖÛA SOÂNG CAÙI VAØ PHAÀN PHÍA BAÉC VÒNH NHA TRANG 
TRONG MUØA KHOÂ VAØ MUØA MÖA 
 
Nguyeãn Baù Xuaân, Toáng Phöôùc Hoaøng Sôn 
Vieän Haûi Döông Hoïc 
 
TOÙM TAÉT Baøi baùo trình baøy caùc keát quûa nghieân cöùu ñaùnh giaù aûnh höôûng cuûa soâng Caùi ñeán vònh 
Nha Trang vaøo muøa khoâ vaø möa 1998, döïa treân cô sôû caùc soá lieäu nhieät, muoái ño nhanh 
trong caùc pha trieàu leân vaø trieàu xuoáng. Trong muøa khoâ, do löôïng nöôùc soâng Caùi ñoå ra 
bieån raát ít, neân söï lan truyeàn cuûa nöôùc soâng ra bieån chuû yeáu ñöôïc ñieàu tieát thoâng qua 
hieän töôïng thuûy trieàu vaø chæ aûnh höôûng trong phaïm vi giôùi haïn vuøng cöûa soâng. Ngöôïc 
laïi, vaøo muøa möa do löôïng nöôùc soâng ñoå ra gaáp gaàn 20 laàn so vôùi muøa khoâ, neân phaïm 
vi lan truyeàn vaø aûnh höôûng cuûa nöôùc soâng Caùi trong vònh Nha Trang coù theå ñaït ñeán caùc 
vuøng bieån khôi vaø vuøng ñaûo xa caùch bôø khoaûng gaàn 10 km. Söï chìm xuoáng cuûa nöôùc 
soâng ôû vuøng ngoaøi khôi vònh Nha Trang trong muøa möa ñaõ laøm thay ñoåi xu theá phaân 
boá thaúng ñöùng cuûa tröôøng ñoä maën so vôùi quy luaät chung. Ñöôøng ñaúng trò ñoä maën 32%o 
coù theå xem laø ñöôøng phaân ñònh ranh giôùi aûnh höôûng cuûa khoái nöôùc soâng ra bieån.     
 
 
INTRODUCTION 
 
 On basis of analyzing the seawater 
temperature and salinity distributions, the 
influence of Cai river water to Nhatrang bay is 
estimated indirectly. For building the 
distribution maps, the seawater temperature 
and salinity should be measured in details and 
separately in the flood and ebb tide phases.   
 In this paper, on basis of the seawater 
temperature and salinity data measured in the 
Cai river estuary and the northern part of 
Nhatrang bay in the dry and rainy seasons of 
1998 year, the distribution and changing 
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characteristics of temperature and salinity 
were analyzed. 
 
USED DATA AND METHODS OF STUDY 
 
 The temperature and salinity data used in 
this paper were measured in the Cai river 
estuary and the northern part of Nhatrang bay 
in dry (April 1998) and rainy (November 1998) 
seasons (Nguyen Ba Xuan and others, 1998, 
1999):  
 - In dry season, the surveys are realized 
separately in the ebb tide and flood tide phases 
(Fig.1).    
 - In rainy season, due to the discharges of 
Cai river water are higher than in dry season, 
we realized the survey in the only ebb tide 
phase. The influence of tidal phenomenon in 
this season is unessential. The purposes of that 
are to define the maximum transference of Cai 
river water in Nhatrang bay (Fig. 2).     
 - For estimating the salinity intrusion in 
the Cai river, we used the salinity data 
measured in the vertical slice along the Cai 
river in the flood tide phase. The vertical slice 
started from the Cai river mouth and ended at 
the Vinhngoc bridge with distance of about 5.5 
km (Fig.11). 
 - For analyzing the diurnal changeful 
characteristics of temperature and salinity, the 
data measured in the diurnal continuous station 
of Cai river estuary were used.   
 - The equipment for measuring STD-
profiles is AST-500 of Japan.          
 - In the paper, the different methods for 
calculating and estimating the distribution and 
changeful characteristics of temperature and 
salinity had been used. 
 
THE STUDY RESULTS 
 
-The analyzed results of the seawater 
temperature and salinity distributions (Figs. 3 
and 5) in the ebb tide phase showed that: on 
the basis of the positions of the 32%o and 
29.5oC isolines, the influence of river water in 
ebb tide phase in dry season is defined, it is 
limited in the Cai river estuary, with the 
approximate transferable distance of about 
1km. The Cai river waters in dry season are 
transferred mainly in the eastern direction 
(from the coastal line to the open sea). The 
horizontal changes of temperature and salinity 
in the frontal zone between the river water and 
seawater were 2oC/km and 14%o/km. The 
minimum influence of river water could be 
explained by the minimum discharges of river 
water in dry season (the discharge of Cai river 
water in dry season is about 5.6m3/s (Nguyen 
Ba Xuan and others, 1998, 1999)). 
 - Due to the influence of seawater in 
flood tide phase is strong, the river water is 
pushed inside the river. It is showed by the 
escape of the isolines 32%o and 29.5oC in the 
river estuary (Figs. 4, 6). The temperature and 
salinity distributions in flood tide phase aren’t 
complex. In brief, in dry season, the influence 
of the Cai river water is limited in the Cai 
river estuary and depends on the tidal regime. 
 - In rainy season, due to the influence of 
the flooding water, the Cai river waters are 
transferred in the surface water layers in the 
eastern, southeastern and southern directions. 
On basis of the maps of salinity distributions 
we could define the influent area of the Cai 
river  water  in  Nhatrang  bay (Figs. 7, 8). In 
this case, the Cai river water could be 
transferred to the open sea and island areas.   
 - Figs. 9 and 10 showed that: the salinity 
of the water layers in the depths greater than 
2m has changed on the contrary with the 
salinity of the surface water layers. This 
means, salinity in the coastal zones is higher 
than that in the open sea areas. That is caused 
by the powerful immerge of Cai river water in 
the open sea areas during the flooding time. 
- The statistical characteristics of diurnal 
temperature and salinity changes at the 
continuous station of Cai river estuary showed 
that : the diurnal surface average temperature 
and salinity are 29.19oC and 31.39%o in dry 
season and 26.69oC and 16.65%o in rainy 
season. In Cai river estuary, the diurnal 
temperature and salinity changes depend on 
the tide phenomenon (Tab. 1). The diurnal 
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Figure 2: The survey stations in  Nhatrang bay in ebb tide phase, November 1998 
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Figure 1: The survey stations in Cai river estuary in Nhatrang bay, April 1998 
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Figure 5: The 0m layer temperature distribution   
of the Cai river estuary in Nhatrang bay,  
in the ebb tide phase, April 1998 
Figure 6: The 0m layer temperature distribution  
of the Cai river estuary in Nhatrang bay,  
in the flood tide phase, April 1998 
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Figure 3: The surface salinity distribution  
of the Cai river estuary in Nhatrang bay,  
in the ebb tide phase, April 1998 
Figure 4: The surface salinity distribution  
of the Cai river estuary in Nhatrang bay,  
in the flood tide phase, April 1998 
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Figure 12: The vertical salinity distribution along the Cai river slice  
in the flood tide phase, April 1998 
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Figure 11: The survey along the Cai river slice in the flood tide and ebb tide phases, April 1998 
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Table 1: The statistical characteristics of the diurnal temperature and salinity changes 
of Cai river estuary in the dry and rainy seasons 
       
Characteristics  April 1998 November 1998 
 Temperature (oC)  Salinity ( %o) Temperature (oC) Salinity ( %o) 
 Layer 
0m 
Layer 
5m 
Layer 
0m 
 Layer 
5m 
Layer 
0m 
Layer 
5m 
Layer 
0m 
Layer 
5m 
VE 29.19 29.01 31.39 33.95 26.69 27.83 16.65 33.07 
 0.12 0.05 16.48 3.10-4 0.8 0.006 119.8 0.03 
 0.34 0.21 4.06 0.017 0.89 0.07 10.94 0.17 
Min 28.73 28.69 23.74 33.92 25.43 27.72 1.18 32.75 
Max 29.80 29.22 33.96 33.97 27.97 27.91 31.49 33.33 
 1.07 0.53 10.22 0.05 2.54 0.19 30.31 0.58 
 
Notes :  AVE - Average value;  - dispetion;  - deviation ; 
Min. and Max.- Minimum  and maximum values ;  - diurnal change 
  
      
changes of salinity are 30.31%o in rainy 
season and 10.22%o in dry season. 
-The vertical salinity distribution on the 
vertical slice along the river showed that: in 
flood tide phase, the seawater could be 
intruded into the river at the distance of about 
4.5km from the Cai river mouth. In this river 
area, the salinity of river water reached to the 
value < 2%o. The Vinhngoc bridge river area 
could be defined as the separate boundary 
area between the seawater and river water in 
dry season. The waters that have salinity 
changed from 0%o to 2.7%o are named the 
fresh water (Figs. 11, 12) (Boisakov I. X., 
1970).  
        
CONCLUSION 
 
 - Due to the water discharge in dry season 
is very low, the influent boundary of Cai river 
water in the Nhatrang bay could be defined by 
a position of the isohaline 32%o. It is limited in 
the river estuary with transferable distance of 
about 1km from coastline to the open sea. The 
temperature and salinity distribution depends 
on the tidal phenomenon.     
 -  In rainy season, due to the water 
discharge is about 20 times higher than in dry 
season, the Cai river water is strongly 
transferred into the open sea. The influence 
could be reached into the island area in 
Nhatrang bay. The main transference of the 
Cai river water is in the eastern, southeastern 
and southern directions. The immerge of the 
Cai river water in the open sea region has 
changed the vertical structure of the salinity in 
Nhatrang bay.          
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